ZEHNáLEK, J., ADAM, V., KIZEK, R.: Influence of potassium on growth, content of mineral nutrients and yield formation of the spring barley (Hordeum vulgare L.). Acta univ. agric. et silvic. Mendel. Brun., 2006, LIV, No. 1, pp. 145-154 In model experiment, an influence of increasing KCl doses on spring barley growth, accumulation of main mineral nutrients (N, P, K, Ca, Mg and Na) in main stalks, offshoots and roots and on yield formation and its structure was observed. Increase of weight of above-ground parts of plants was inhibited only at the beginning of experiment by increasing KCl doses, particularly, significantly lower growth of offshoots, but on the other hand production of dry weight of roots was negatively influenced during whole cultivation. Accumulation of main mineral nutrients in the plants was mostly influenced at potassium. Uptake of potassium by plant increased up to 37%. Yield of kernels was higher at variants with application of KCl but the correlation between higher K doses and the yield increase has not been statistically proved. Increase in the yield was reached by higher number of offshoots, higher number of kernels and higher weight of kernels in comparison with control. Content of main mineral nutrients in kernel was not influenced by application of KCl, but potassium content in straw was significantly increased.
In model experiment, an influence of increasing KCl doses on spring barley growth, accumulation of main mineral nutrients (N, P, K, Ca, Mg and Na) in main stalks, offshoots and roots and on yield formation and its structure was observed. Increase of weight of above-ground parts of plants was inhibited only at the beginning of experiment by increasing KCl doses, particularly, significantly lower growth of offshoots, but on the other hand production of dry weight of roots was negatively influenced during whole cultivation. Accumulation of main mineral nutrients in the plants was mostly influenced at potassium. Uptake of potassium by plant increased up to 37%. Yield of kernels was higher at variants with application of KCl but the correlation between higher K doses and the yield increase has not been statistically proved. Increase in the yield was reached by higher number of offshoots, higher number of kernels and higher weight of kernels in comparison with control. Content of main mineral nutrients in kernel was not influenced by application of KCl, but potassium content in straw was significantly increased.
Barley (Hordeum vulgare L.), plant nutrition, potassium, transport, yield formation, growth, mineral nutrients Plants can uptake nutrients from the soil solution. Different mechanisms participate in the input of the nutrients to root hairs: in the case of potassium, the diffusion (78%) and the mass flux (20%) dominate ACHE et al. (2001) ; BERGMANN and NEUDERT (1976) . The active (pumps, carriers) and passive (diffusion, mass flux) mechanisms contribute to the uptake of constituent nutrients PRZULJ and MOM-CILOVIC (2003) ; ZEHNáLEK and PROCHáZKA (1986) . Potassium plays a key role in the stomatal movement and it impacts the water balance of plants HUGOUVIEUX et al. (2002) . Plants take potassium in an active and a passive way, as seen in cation K + , depending on its concentration in the nutritive medium AMTMANN et al. (1999); KARLEY et al. (2000) ; MAATHUIS and SANDERS (1996) ; SAN-TA-MARÍA et al. (2000) ; SHABALA (2003) . In low concentration, transport by carriers takes place. In high concentration, plasma membrane is more permeable and K + passive movement with transpiration flow prevails. The electrochemical gradient decreases on the inner part of the plasmatic membrane and because of this there is non-specific inhibition of the uptake of the other cations ENGELS and MARSCHNER (1993) . Potassium availability in both agricultural and natural ecosystems frequently limits plant growth, development, and productivity. K + is most abundant cation in plant cells, and activates a wide range of biochemical reactions, including many that are central to primary metabolism and mRNA translation MAATHUIS and SANDERS (1996) . Potassium also activates the osmotic potential in sieve tubes and thereby the speed of transport of assimilates source -sink DEEKEN et al. (2002) .
The aim of this work was to investigate the influence of the uptake of potassium on growth content of main mineral nutrients (N, P, K, Ca, Mg and Na) at roots and shoots and yield formation at spring barley. 
MATERIALS AND METhODS

RESULTS AND DISCUSSION
A vegetal production depends on uptake of mineral nutrients by plants ZEHNáLEK et al. (2004) . In our previous work, we studied the influence of potassium on spinach Spinacia oleracea L. MINáŘ et al. (1989) . In pot cultures with soil the effect was followed of fertilization with intensified doses of potassium in the form of KCl or K 2 SO 4 at two levels of nitrogen nutrition. Additional fertilization with nitrogen and potassium resulted in an increased production of biomass. Only the highest dose of KCl had an inhibitory effect similarly to the lower doses. In the present study we decided to study influence of potassium on other plant species (spring barley).
Plant growth. Growth of spring barley (Hordeum vulgare L.) was evaluated by determination of dry and fresh weight during cultivation of main stalks, offshoots and roots ( fig. 1) . Plant growth at GS 30 was inhibited by potassium doses (2 and 4 g per pot in the form of KCl) (see fig. 1 ). We noticed dry weight decrease of above-ground parts (main stalks and offshoots) about 5.7 and 13.2% at K1 and K2, respectively, in comparison with K0 (control). Markedly slower growth of offshoots participated on decrease in dry weight of above-ground parts of plants. Dry weight of roots decreased about 20.3 and 46.2% at K1 and K2, respectively, in comparison with control.
1: Dry weight of spring barley during cultivation at two different KCl doses. Other details in Material and Methods.
Presence of Cl -in the soil also markedly influences plant growth and development. It is necessary to study the content and influence of this element BRIT-TO et al. (2004); CUIN et al. (2003); PEUKE and JESCHKE (1999) . That is why the growth of spring barley was also influenced by increasing doses of Cl -. The Cl -anion does not form complexes readily, and shows little affinity (or specifity) in its adsorption to soil components. Thus, Cl -movement within the soil is largely determined by water flows. Chloride is a useful element for higher plants, although it often accumulates in soil to levels much higher than required for optimal plant growth. It is present mainly as Cl -. Chloride is a major osmotically active solute in the vacuole and is involved in both turgor-and osmoregulation. In the cytoplasm it may regulate the activities of key enzymes WHITE and BROADLEY (2001) At second harvest time (GS 37), differences in dry and fresh weight of whole plant between K1, K2 and control (K0) did not observe (see fig. 1 ). fresh weight of main stalks decrease with increasing potassium doses. On the other hand, the decrease was compensated by increase in fresh and dry weight of offshoots. furthermore, dry weight of roots decreased about 23.8 and 31.7% at K1 and K2, respectively, in comparison with control. We didn't notice differences in total dry weight of the above-ground parts of plants at GS 59. On the other hand we determined at plants K1 markedly increased weight of offshoots (about 40.1%) in comparison with control. Dry weight of roots was significantly lower only at K2 variant (about 23.1%). Ratio of weight of R/S (root/shoot) was decreasing with increasing KCl doses and with time of plant cultivation.
Accumulation of main mineral nutrients during cultivation. We determined the highest content of main nutrients (N, P, K, Ca, Mg and Na) in GS 30 samples whereas content of the elements in dry matter of above-ground parts was markedly higher then their content in dry matter of roots with the exception of magnesium and sodium. Content of main nutrients in plant dry matter markedly decreased in connection with time of cultivation (see fig. 2 ). An accumulation of potassium was mostly influenced by applied KCl doses. We determined significantly increased content of potassium in dry matter of roots of K2 plants already at GS 30. furthermore at GS 37 we detected significantly increased content of potassium in dry matter of roots and above-ground part of K1 and K2 plants.
We observed the same result of potassium content at GS 59 in comparison with control plants.
Although content of potassium in dry weight decreased during cultivation, its uptake by plant was increasing. The uptake of potassium by above-ground parts in experimental variants K1 and K2 was higher about 33% and 37%, respectively, than in control plants. In spite of number of information about uptake, mobility and metabolic functions of main elements, it is less known about its interaction. Many important energetic bio-synthetic plant processes, which influence quantity and quality of produced biomass, depend on amounts and weight ratio of K : (Ca + Mg) MINáŘ et al. (1989); MISRA and GEDAMU (1989) ; ZEH-NáLEK and MINáŘ (1991) . We calculated this ratio in our experiment (see fig. 3 ). The ratio of K : (Ca + Mg) was increasing with increasing KCl doses.
The yield and its structure. Overall yield of kernels that is exposed by higher KCl doses (variants K1 and K2) was higher at K1 and K2 about 7 and 11% in comparison with control (K0) (fig. 4) . The increase in yield was reached by significantly higher yield of kernels from offshoots. Yield of kernel from offshoot at plants of K1 and K2 was higher about 25.4 and 59.4% in comparison with control. Rate of offshoots on overall yield of kernel was increased from 26.5% at control plants (K0) to 38% at exposed plants (K2). Increase in yield of kernels was obtained by increasing in number of kernels per plant (increase at K1 and K2 about 3.4 and 17%, respectively), by higher number of kernels in spikes of offshoots and by significantly higher weight of offshoot kernels from exposed plants (K1 and K2) in comparison with control. On the contrary, number of kernels in spikes of main stalks and its weight decreased at exposed plants in comparison with control (Table III) .
Influence of potassium on growth, content of mineral nutrients and yield formation 149 2: Accumulation of nitrogen, phosphorus and potassium in spring barley during cultivation. Other details in Fig. 2 and Material and Methods.
3:
The effect of increasing doses of potassium on the ratio of K : (Ca + Mg) Significantly differences in yield of straw between exposed plants and control plants were not observed ( fig. 4) . Thus, the effect of K doses on increase in yield formation has not been proved. Kernel harvest index was: K0 = 54.5%, K1 = 53.7% and K2 = 55%. The influence of an interrupted K fertilisation on different K fractions of the soil, yield formation and K uptake by different crops was also investigated in a long-term field experiment on Luvisol derived from loess by SCHERER et al. (2003) . Omitting K fertilisation decreased yields of sugar beet and potatoes while cereals were not affected, although K uptake of all crops reacted to the differentiated K supply to a different extent MENGEL and KIRKBY (1980) . Influence of potassium on growth, content of mineral nutrients and yield formation 151
4: Yield of the spring barley cultivated in Mitscherlich pots at two different KCl doses
Content of main mineral nutrients in full maturity of barley. Markedly differences in content of main mineral nutrients (N, P, Ca, Mg and Na) in kernels, main stalks and offshoots were not observed. In the contrary, content of potassium was higher in straw of offshoots (K1 and K2 about 27 and 48%) and main stalks (K1 and K2 about 50 and 71%) in comparison with control. Lower content of nitrogen was detected in straw of offshoots of exposed plants in comparison with control. Content of phosphorus was in straw of offshoots K1 plants higher in comparison with control but content of phosphorus in straw of offshoots K2 plants was lower in comparison with control. Content of magnesium in straw of offshoots K2 plants was significantly lower in comparison with control (Table IV) .
Content of mineral nutrients after plant harvesting in soil.
We found out by analysis of soil after harvesting of barley that content of available potassium was changing at the individual variants. Content of potassium decreased in soil containing K0 plants (without potassium fertilization) from middle to small (was uptaken away by plants). On the contrary K content was increasing in soil containing K1 and K2 plants (with potassium fertilization) to middle at K1 and to higher at K2 variants. 
